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Several groups have described reverse transcriptase (RT) and subsequent PCR (13) protocols for the detection and discrimination of HCV and BVDV-BDV, utilizing primers derived from the structural (8, 14) or nonstructural (19) genes. This communication describes a primer design based on the p125 nonstructural gene region of the Alfort and Brescia HCV strains (9, 11) for RT-PCR detection of HCV.
Viral stocks of BVDV, BDV, and HCV, originating from a broad geographic range, were propagated in bovine kidney, sheep chorionic plexus, and PK-15 cell cultures, respectively. Virus titers were determined in microtiter plates, by an immu-noperoxidase antigen detection scheme (5, 18) , and expressed as 50% tissue culture infective doses (TCID50). Cells were lysed by two freeze-thaw cycles, followed by treatment with 0.1 mg of proteinase K per ml and 1% sodium dodecyl sulfate (final concentration) at 37°C for 1 h. Total cell nucleic acid was extracted with a single treatment with phenol-chloroformisoamyl alcohol and concentrated by ethanol precipitation in the presence of sodium acetate.
Three-month-old pigs were inoculated oronasally with a British classical swine fever (CSF) or American Bureau of Animal Industry (BAI) strain of HCV and sacrificed 23 (CSF) or 9 (BAI) days postinfection (dpi). Retrieval of nucleic acid from frozen tissue specimens of lung, liver, spleen, and tonsil was performed essentially as described above; however, the tissue lysates were subjected to proteinase K treatment overnight at 56°C. For comparative purposes, tissue RNA was also extracted with an RNA isolation kit (Stratagene, Edmonton, Alberta, Canada). Heparinized blood was collected from pigs inoculated with the CSF or BAI strain at the time of euthanasia and frozen at -70°C, until processed for RT-PCR. After nucleic acid was retrieved by either the phenol or kit method (see above), an aliquot of the preparation was incubated in the presence of heparinase I (Sigma, St. Louis, Mo.) for 2 h at 25°C, as described by Izraeli et al. (7) .
Primer sets were designed to hybridize to a portion of the p45-p75 boundary of the p120 gene of the Alfort and Brescia strains (9, 11): HCV-1, nucleotides 5067 to 5087 (5'-GCTC CTGGTTGGTAACCTCGG-3'); HCV-2, nucleotides 5554 to 5574 (5'-TGATGCTGTCACACAGGTGAA-3'). The primers possess melting temperatures of approximately 68°C (HCV-1) and 62°C (HCV-2) (16). BVDV-BDV-specific primers were designed from the same region of the BVDV NADL strain (4), to allow amplification of BVDV-BDV in specificity testing.
Nucleic acid was added to an RT mix (20 ,ul final volume) containing 20 to 40 U of RNase inhibitor, 500 ng of random primers, 0.5 mM deoxynucleoside triphosphates (dNTPs), 200 U of Moloney murine leukemia virus RT (BRL, Burlington, Ontario, Canada), 1 Restriction endonuclease analysis (REA) protocols involved digesting PCR products for 2 h at 37°C with three restriction endonucleases (AvaII, MboI, and NcoI) which were expected to digest the HCV Alfort RT-PCR fragment (9) .
A variety of historical (pre-1980s) and recent (1980s) strains of HCV were detected following amplification with HCVspecific primers ( Fig. 1 HCV from various internal organs from a pig sacrificed 23 dpi with the CSF strain (Fig. 2) and a pig sacrificed 9 dpi with the BAI strain (data not shown) was detected. PCR fragments were not generated from samples of normal pig tissues. In addition, amplifiable template was present in samples of frozen heparinized blood collected 9 and 23 dpi from pigs inoculated with CSF or BAI, respectively (Fig. 3) , provided that the nucleic acid preparation was treated with heparinase I prior to RT-PCR testing. REA was performed to confirm the identity of the RT-PCR products. A general pattern corresponding to the date of original isolation became apparent ( Table 1 ). The REA pattern for Alfort HCV was not consistent with that predicted from published sequence information (9) . However, the predicted Alfort HCV map was apparent following digestion of a variety of recent strains, including V622, Bas-rhin, classical, VRI, and EVI isolates. The Alfort REA pattern was identical to those of other historical isolates, such as Glentorf and BAI.
Rapid differential diagnosis that distinguishes between porcine and ruminant pestiviruses is critical in the event of an outbreak. Several groups have reported an RT-PCR design for the discrimination of BVDV-BDV and HCV (8, 19) of either structural or nonstructural gene regions. This report outlines discriminatory amplification of a nonstructural genome segment for amplification of HCV from tissue culture, pig tissue, or heparinized blood origin. To date, all HCV strains subjected to the RT-PCR protocol described possess the expected 508-bp PCR product, with the exception of the Henken isolate. This amplification product was slightly larger than expected; however, the REA pattern of the 550-bp fragment was similar to that of the Windsor strain. Modification in the p125 genome region in cytopathic BVDV isolates has been reported previously (6) . Sequence analysis of the various Henken PCR products would confirm the nature of any mutations in this region, as well as providing an explanation for the appearance of multiple bands following the amplification of this strain.
The sensitivity of the RT-PCR protocol described above appeared to be greater than that reported previously (19) . It is expected that the phenol extraction procedure resulted in an exposure of template molecules that was more efficient than that obtained with the heat treatment used by Wirz and coworkers (19) . Assay sensitivity seemed greater with in vitropropagated virus than with template from pig tissues. In an attempt to improve upon in vivo sample sensitivity, while ensuring a rapid and easy protocol, a commercial RNA isolation kit was employed for the RNA extraction steps. However, no increase in RT-PCR efficiency was noted with these modifications (Fig. 2 and 3) .
It is apparent that historical and recent strains possessed distinct REA patterns (Table 1 ). This information should prove useful for the determination of viral origin, in an outbreak or in submissions of contaminated tissue cultures. In conclusion, this RT-PCR protocol shows promise as a rapid, sensitive, and specific test for detection of pestiviruses. These advantages are especially notable with samples in which virus is difficult to demonstrate by conventional isolation techniques.
